Several extraction parameters were tested to determine optimal conditions for extracting phenolics from leaves and stems of red clover (Trifolium pratense L. cv. Kenland), with the goal of using extracts in bioassays and in assessment of phenolic profiles. HPLC-UV profiles were compared before and after partitioning a methanolic extract of soluble phenolics with ethyl acetate-ethyl ether (1:1, v/v). The effect of extract pH on the partitioning of phenolics into the ethyl acetate-ethyl ether (EtOAc-Et 2 O) phase was evaluated, and several tissue weights were extracted to determine a minimum amount that could be extracted without loss of information. HPLC profiles of soluble phenolics were similar in the methanolic extracts and the partitioned EtOAc-Et 2 O extracts. However, recoveries in unpartitioned extracts were 2-to 4fold greater than in the acidified, partitioned extracts. Also, recovery was considerably affected by the pH to which extracts were adjusted prior to partitioning. In extracts acidified to pH 2, recoveries were 2-to 7-fold higher than in extracts partitioned at pH 6. In extracts prepared from 250, 120, or 60 mg of tissue, peak areas of methanolic extracts were directly proportional to the amount of tissue extracted.
Red clover (Trifolium pratense L.) is a valuable forage crop in the United States because it undergoes proteolysis less rapidly than other legumes, such as alfalfa [1, 2] . Consequently, more protein is available to ruminants grazing on either red clover or eating red clover hay. The low rate of red clover proteolysis has been found to be due to both high polyphenol oxidase (PPO) activity and an abundance of phenolic substrates upon which PPO can act [2] . Besides phenolic acids and flavonoids, red clover contains isoflavonoids, the most abundant being formononetin, biochanin A, and glycosides of these compounds [3, 4] . Formononetin and its metabolites have been found to cause infertility in sheep, due to estrogenic properties [5] . However, cattle seem less sensitive than sheep to the estrogenic effects of isoflavonoids [5] , and the beneficial effects of phytoestrogens on humans can make their presence in dairy products desirable [6] .
Knowing the phenolic profiles of clover cultivars, which vary widely [7] , may help to determine if a particular cultivar is desirable for a region or purpose (clover high in isoflavonoids may be beneficial for dairy cattle but not for sheep). Our research focuses on selections of the Kenland cultivar, one of the oldest red clover cultivars in the United States and still widely used [8] . A previous study in our laboratory on antimicrobial phenolics in Kenland clover [9] described an extraction and separation method for phenolics. However, some extraction parameters were not tested for optimal recovery. This paper describes the effects of varying several parameters on HPLC profiles and amounts of soluble and bound phenolics in Kenland red clover. Due to a need to obtain concentrated amounts of soluble phenolics in a neutral solvent, profiles and recoveries from methanol-acetic acid extracts were compared before and after partitioning phenolics into an ethyl acetate-ethyl ether (EtOAc-Et 2 O) phase. The effect of extract pH on recovery of partitioned soluble phenolics was evaluated as well. Finally, the amount of starting material was varied to determine the effect on phenolic recoveries and profiles.
Due to uncertainty about the compounds likely to be detected, an HPLC method was developed for detecting compounds with a wide range of polarities. Peak retention times shifted by 0.2 to 1 min despite extensive wash and reequilibration times (see Experimental). Consequently, a subset of 10 easily recognizable peaks was monitored to evaluate the effects of different extraction parameters ( Figure 1 , Table 1 ). Peaks 1 and 2 had absorbance maxima corresponding to those of phenolic acids [7] . The other peaks were thought to be isoflavones because the absorbance maximum due to the B-ring (300-380 nm) was either very small or nonexistent, while the A-ring absorbance (240-280 nm) dominated [10] . In addition, isoflavones have been found to be more prevalent than flavones in clover leaves and stems [11] . Formononetin, biochanin A, and sissotrin were present in relatively small amounts ( Figure 1 ), as has been found previously in tissue collected immediately after cutting [9] . As Figure 1 demonstrates, most of the peaks detected in the methanolic extract were also recovered after acidifying this extract to pH 1-2 and partitioning phenolics into EtOAc-Et 2 O (1:1, v/v). However, recovery was reduced by a factor of 2 to 4 ( Table 1 ). The partitioning step was effective in obtaining neutral extracts that could be concentrated for bioassays. However, this step seems not advisable for quantitative analysis of phenolics.
The effects of pH on soluble phenolic profiles were evaluated because prior analysis of partitioned, unacidified extracts had demonstrated that with a similar gradient, no caffeic acid, chlorogenic acid, or catechin were recovered, although these are often present in plant tissue extracts [12] . It seemed possible that recovery of more polar phenolics was poor above pH 2 [13] . However, results of the current study indicate that although peak areas were 2-to 7-fold greater at pH 1-2 than at pH 6 ( Table 2) , the same peaks were recovered under both conditions.
Reducing sample size from 250 to 60 mg tissue did not eliminate peaks in the HPLC profiles, and peak area changes appeared directly proportional to sample size (Table 3) . Given the apparently linear changes in peak recoveries, it appeared that 60 to 250 mg tissue could be efficiently extracted under the given conditions. Phenolics in Trifolium pratense Natural Product Communications Vol. 6 (11) 2011 1659 In summary, chromatographic profiles of phenolic compounds from leaf-and-stem extracts of T. pratense cv.
Kenland were similar under all extraction parameters tested. However, based on a subset of peaks analyzed, recoveries were 2-to 4-fold greater in the original methanol-aqueous HOAc extracts than after acidifying and partitioning those extracts with EtOAc-Et 2 O (1:1, v/v). Recovery decreased 2-to 7-fold without acidifying the methanol-aqueous HOAc extracts. Extracting 60 to 250 mg tissue gave similar HPLC profiles and fairly linear increases in the amount of compound recovered. The profiles and recoveries obtained in these preliminary studies will help in optimizing separation methods and extraction conditions for analyzing field studies. 
Experimental

Extraction of soluble phenolics:
All parameters were tested with triplicate extractions. Procedures were based on the method of Mattila and Kumpulainen [14] , with the following changes: the concentration of acetic acid in the extraction solvent was decreased from 1.5% to 0.5% [9, 12] ; the amount of extract taken for analysis of soluble phenolics was increased to 6.5 mL in order to isolate enough material for bioassays; and the methanolic extract was partitioned with EtOAc-Et 2 O (1:1, v/v) to recover phenolics in a neutral solvent (again for bioassays). Briefly, a 7 mL aliquot of 85% methanol in 0.5% aqueous acetic acid was added to tissue (60-250 mg) in a 50 mL conical polypropylene tube, and the mixture was sonicated for 30 min at ambient temperature in a sonicating water bath (Model 5510, Branson Ultrasonics Corp., Danbury, CT, USA). Water (3 mL) was added, and the sample was centrifuged (4 min, 21 ºC, 2000 g). A 6.5-mL aliquot was filtered through a 0.45-µm hydrophilic polypropylene filter (Pall Life Sciences, Ann Arbor, MI, USA). Part of the filtrate (0.75-1.2 mL) was set aside for HPLC analysis of soluble phenolics in the methanol-acetic acid extract. The remaining filtrate was diluted with 1 volume of water to improve phase separation and partitioned either without pH adjustment (pH 6, checked with pH paper) or after acidification to pH 1-2 with 3M HCl. Extracts were partitioned 3 times with either 0.5 or 1 volume of ethyl acetate-Et 2 O (1:1, v/v). The pooled upper phases from the extraction were dried over anhydrous MgSO 4 , concentrated under reduced pressure, dried under nitrogen, and stored at -20 ºC until analyzed. 
